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Introduction
The prevalence of asthma has been steadily increasing across all age groups, 1 and it is disproportionately higher among women and children, African Americans, and those reporting an income below the federal poverty level in United States. 2, 3 Asthma significantly affect the quality of life (QOL) in the most vulnerable sections of society and has important implications for increased health care costs and loss of productivity. 4 Medical management of asthma is targeted at symptomatic improvement and only has an indirect effect on the QOL. An ideal intervention strategy would improve not only symptoms related to asthma but also the QOL in young children and teens with asthma. 5 The Expert Panel Report 3 (EPR-3) asthma management guidelines from the National Heart, Lung, and Blood Institute recognized the importance of improving QOL and added it as one of the tools used in assessing impairment as part of classifying asthma severity. 6 Several clinical trials have also focused on QOL as an outcome measure of therapies. [7] [8] [9] Improvement in asthma-related QOL should therefore be one of the goals of any intervention program or treatment strategy. 10 Urban teens represent a challenging group for asthma management because of the potential effect of other external influences (social and/or peer-related factors) and comorbidities (eg, depression) that can affect adherence to therapy and overall disease control. Several nonpharmacologic interventions have been advocated for adolescents with asthma to overcome these issues, and selfmanagement education programs have targeted improvement in indicators of asthma control and QOL. Despite many self-management programs that have been developed for both adults [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and children [21] [22] [23] [24] [25] [26] [27] in the past 3 decades, results have been mixed in terms of success. 28, 29 At the same time, it is also important to recognize the effect of other comorbidities and how they could affect the effectiveness of these interventions.
Depression is an important comorbidity among urban teens with asthma 30, 31 and is prevalent in teens with asthma and their caregivers. 32, 33 We wanted to understand how depression could influence the effect of a self-management educational intervention on asthma-related QOL and outcomes. Results could inform the design of better self-management interventions that would include an assessment of depression at baseline.
The Puff City asthma program (clinicaltrials.gov Identifier NCT00201058) was developed for urban African American teens with asthma and represents a web-based, computer-tailored approach to providing education related to asthma self-regulation and management, while targeting negative behaviors that could affect asthma-related outcomes. 34 The content of Puff City is based on information from the EPR-2 and EPR-3 reports. [35] [36] [37] Puff City focuses on modifying 3 core behaviors: adherence to controller medication, availability of rescue inhaler, and smoking reduction or cessation. The Puff City program presents theory-based health messages and information on asthma control in reference to the core behaviors and information about a variety of other pertinent topics. 38 -42 The objective of this analysis is to explore the effect of teen depression on the effectiveness of the Puff City asthma selfmanagement program.
Methods
This analysis uses data from a school-based randomized controlled trial (RCT) conducted in 2007-2011 to evaluate Puff City. This study was approved by Detroit Public Schools Office of Research, Evaluation and Assessment and the Institutional Review Boards of the participating institutions (protocol 4579). The methods used to identify students eligible for the RCT are described elsewhere. 34, 43, 44 Briefly, caregivers of 9th to 12th graders of 6 public high schools were informed by mail of a Lung Health Survey on respiratory symptoms to be administered during English class. Caregivers could opt out of having their student complete the questionnaire by signing and returning the letter to the school. Students who met criteria for current asthma (ie, report of asthma symptoms with or without report of a physician diagnosis of asthma) were eligible for the RCT, 34 and informational packets with consent and assent forms were mailed to their homes by a districtaffiliated contractor to maintain student confidentiality. 44 The Puff City program is based on concepts from the transtheoretical model, the health belief model, attribution theory, motivational interviewing, and other behavior change models. 36, 38, 39, 45 Puff City also features topics on trigger avoidance, device use (eg, how to use a metered-dose inhaler, Diskus, Turbuhaler, and spacer), and basic asthma physiology. Problem-solving scenarios are also included.
Using computers at school, enrolled students completed an online baseline questionnaire and were randomized to an intervention (4 computer-tailored, online, asthma management sessions) or control group (4 sessions of access to existing asthma management websites). Students completed follow-up questionnaires at 6 and 12 months. Caregivers completed a baseline and 12-month telephone interview. In each computer session, after students responded to questions on attitudes and beliefs, computer algorithms are used to select appropriate feedback from a message library created by medical experts and behavioral scientists on the Puff City team. The information is used to assemble preprogrammed tailored feedback that is normative (compared with other teens) and ipsative (compared with your last session), resulting in a wide variety of message permutations. Visual aids help teens identify their current asthma medications. All Puff City surveys are voicedover to accommodate literacy limitations. Puff City's data management system allows for report generation and study monitoring and tracking.
Intervention students also had access to an Asthma Referral Coordinator (ARC) who made referrals to the appropriate resources for medication, health insurance, and depression. Using a risk assessment algorithm that collated student responses, the ARC proactively contacted students in the intervention group. Students were usually referred to school-based resources, but communitybased resources were used when school resources were not available. The ARCs did not provide asthma education. Caregivers were contacted when appropriate and with student permission.
Study definitions and outcomes
For this analysis, current asthma was defined as report of a physician diagnosis of asthma, use of prescribed asthma medication in the last 12 months, and at least 1 episode of wheeze in the last 12 months. Classification of asthma severity used in this study was adapted from Guidelines for Diagnosis and Treatment of Asthma from the EPR-3 ( Figure 14 . Classification of Asthma Severity [Ͼ 12 Months of Age]), using nighttime symptoms. 6 As in previous studies, investigators interpreted and assigned numeric values when terms such as frequent and continual were used in the EPR-3 criteria. Depression in teens was defined as a yes to 5 or more of 7 questions about depressive symptoms in the preceding 6 months from the Diagnostic Predictive Scales 46 completed by the teen. The Diagnostic Interview Schedule for Children is a structured diagnostic instrument that was specifically designed for use by nonclinicians. 47 The fourth version of the Diagnostic Interview Schedule for Children was further adapted to create several scales that were used as screening tools for various psychiatric diagnoses, including depression. 46 These scales (known as Diagnostic Predictive Scales) have been tested in various populations and have been reported to be efficient and reliable screening tools for school-age children. 48, 49 Caregiver depression was defined as a response of 8 days' duration or greater to 4 or more of the questions on the Patient Health Questionnaire 9 completed by the caregiver. 50 It is based on the 9 diagnostic criteria for depression as per the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) and queries the caregivers about depressive symptoms in the prior 2 weeks. Outcome measures for this analysis included indicators of uncontrolled asthma and QOL at 12 months. Indicators of uncontrolled asthma were obtained from teen questionnaire responses using frequency of symptoms in last 30 days (Ͼ3 nights, Ͼ8 days), limitation or change of usual activities (Ͼ4 days), and schooldays missed (Ͼ2 days) due to asthma in the last 30 days. With the exception of days changed plans and school days missed, indicators of uncontrolled asthma were adapted from EPR-3 ( Figure 15 . Classification of Asthma Control [Ն12 Years of Age]). 6 The QOL scores were derived from the Paediatric Asthma Quality of Life Questionnaire 51 completed by the student. This questionnaire was developed for children 7 to 17 years and can be selfadministered after the age of 11 years. It is a well-standardized questionnaire that uses 23 questions covering 3 domains (symptoms [ 
Statistical analysis
Statistical significance was defined as a P Ͻ .05. For bivariate comparisons, 2 tests for categorical variables (with pairwise comparisons as appropriate) were used. Wilcoxon rank sum tests were used for continuous or ordinal variables. Logistic regression was used to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to describe treatment and control comparisons, beginning with a model containing key variables (as determined a priori and from the literature) and the baseline value for the dependent variable (the outcome of interest). Potential confounders (caregiver depression, age, sex, school of enrollment, baseline asthma severity, Medicaid enrollment, caregiver education, environmental tobacco smoke, student smoking, number of sessions completed, and physician diagnosis of asthma) were included in the logistic regression model if found to change the OR for the association of intervention arm to study outcome by 20% or more. For physician diagnosis of asthma, caregiver baseline report was used if teen baseline response was "don't know." An interaction term was entered into each model to assess whether the intervention effect differed by baseline depression status, indicated by a P Ͻ .20.
Results
For the 6 high schools that participated in this intervention trial, there were 18,398 students enrolled in grades 9 through 12 at the start of the study (2007) (2008) , of which 11,551 students were enrolled in an English class, and 9,125 were in attendance in a scheduled English class on the dates the Lung Health Survey was administered. From among these students, 14 refused the survey, 1,233 were absent or not in class at the time of the survey, and a total of 7,878 completed the survey, of which 1668 finally met the eligibility criteria for participation in the RCT (Fig 1) . A total of 439 caregivers provided written informed consent. Although 422 teens completed the baseline assessment, 67 caregivers did not complete a baseline interview, leaving a total of 355 teen-caregiver pairs with sufficient data for this analysis. These 355 teens were more likely to complete other aspects of the intervention (eg, computer sessions and follow-up forms) than teens not included in the analysis. In addition, teens included in the analysis were younger than those not included, although this was of borderline significance (eTable 1). Teens included in the analysis did not significantly differ from those excluded with regard to sex, exposure to environmental tobaccos smoke, smoking, Medicaid enrollment, indicators of uncontrolled asthma, medical care use, and asthma severity. The QOL scores at baseline were compared by baseline depression (before randomization). Before randomization, teens who met the study criteria for depression had significantly lower baseline QOL scores overall and for each domain compared with teens who did not report depressive symptoms at baseline (P Ͻ .001) (eFig 1). Table 1 is a comparison of teens in the intervention and control groups. Treatment students reported more days of restricted activity (Ͼ4 days in last 30 days) (P ϭ .03) and emergency department visits (Ͼ1 visit in the last 12 months) (P ϭ .04) than controls. The groups did not differ with regard to sociodemographic variables, indicators of uncontrolled asthma, and depression status. In the treatment group, 50 students met criteria for depression at session 1, and of those, 48 of 50 (96%) were contacted by the ARC (data not shown).
We first examined the association between the intervention arm and indicators of uncontrolled asthma at 12 months. For this association, there was no evidence of an interaction with baseline depression (all P values for assessment of interaction Ͼ.50; e- Tables 2 and 3) . Results of logistic regression analyses are presented in Table 2 . The percentage of treatment students experiencing uncontrolled asthma as indicated by symptom-days, days of restricted activity, and schooldays missed were significantly lower for treatment students compared with controls ( Table 2 ). The ORs for symptom-nights, changed plans, and school missed due to asthma showed a trend toward treatment benefit but did not reach statistical significance.
In assessing depression as an effect modifier of the relationship between treatment assignment and overall QOL at 12 months, the interaction P value was .22. For the activity, symptoms, and emotions scale, the interaction P values were .75, .13, and .06, respectively. Our criterion for the presence of interaction was 0.20. Given that the overall P value was very close to .20 and P values for 2 of 3 QOL domains met our criteria for interaction, we have presented stratified results (Table 3 and Table 4 ). Among teens with reports of depression at baseline, QOL scores overall and for the symptoms domain were higher for treatment students compared with controls (adjusted RR, 1.57 and 1.72, respectively) but were of borderline significance. Intervention and control QOL scores for the emotions domain among teens who were depressed were 4.9 and 4.4, respectively (adjusted RR, 2.08; P ϭ .01), indicating intervention benefit for emotional QOL among depressed students (interpreted as the emotional QOL score for treatment students is increased by a factor of 2.08 above that of controls). Among teens without depressive symptoms at baseline, QOL scores for treatment teens did not differ significantly from those in the control group (Table 4) .
Discussion
QOL is an important component of the control and monitoring of asthma. The EPR-3 emphasizes the importance of periodic assessment of QOL and related loss of physical function as part of monitoring the response to therapy. The EPR-3 further enumerates several dimensions of QOL that are important to track, including physical function, role function, and mental health function, 6 which are the same as the QOL domains assessed in this study. Mental health function can be related to a number of factors, with Adjusted logistic regression, adjusting for baseline measurement, baseline asthma severity, school of enrollment, teen sex, and caregiver depression.
depression being one of the important comorbidities that is seen in patients with asthma. We examined whether depressive symptoms modified the relationship between intervention arm (Puff City) and intervention effectiveness, as measured by indicators of uncontrolled asthma and QOL. According to our results, fewer intervention students had indications of uncontrolled asthma, and baseline depression did not affect this relationship. However, the intervention seemed especially effective in improving emotional QOL among students with depressive symptoms at baseline.
Because of a known association and higher prevalence of depression in urban teens with asthma, 53, 54 we were specifically interested in exploring the effect of depression on the effectiveness of this asthma intervention. Although previous literature describes how the presence of depression in teens with asthma correlates with higher health care use rates and lower QOL, 55, 56 we are unaware of reports on how depression modifies the response to an asthma intervention for urban teenagers.
The effect of depression status on the response to treatment or intervention has also been studied in several other disease models, such as substance abuse in teens, 57 and chronic medical conditions in adults, such as diabetes 58 and ischemic heart disease. 59 In general, rates of health care use for patients with chronic medical conditions accompanied by comorbid depression are higher. 60, 61 These patients are also at high risk for poor adherence to recommended treatments or interventions, and depression has been noted to be a significant risk factor for nonadherence in adults with chronic medical conditions. 62 The effect of an asthma management intervention on emotional QOL, in relation to the depression status of participants, has not been previously reported in urban teens with asthma. In adults with asthma participating in the RCT of a self-management intervention, Mancuso et al 63 observed that a positive screen for depression was associated with worse outcomes. Among controls, depressed participants had worse outcomes than nondepressed controls. Conversely, within the intervention group, the observed intervention benefit was similar by depression status. The investigators concluded that the intervention served to buffer participants in the intervention group from the negative effects of depression. The study by Mancuso et al 63 observed depression as a predictor of poor outcomes but did not look for a formal statistical interaction. Our results suggest that the effect of the Puff City intervention on emotional QOL is modified in the presence of depressive symptoms. Because depression is considered an emotional disorder, 64 -67 it seems plausible that the strongest association between intervention arm and QOL among depressed students would be observed in the domain of emotions.
In addition to a relatively small sample size and the use of selfreport data, the potential for misclassification of depression is a potential limitation to our study. We used a screening tool for symptoms of depression (diagnostic predictive scales), which is not the same as a clinical diagnosis of depression. We note, however, that the prevalence of depression symptoms in our study population (96 [27%] of 355) is similar to the prevalence of depressive feelings in the past year for 9th through 12th graders in Michigan of 27.4% in 2009. 68 Misclassification of students with possible asthma (symptoms only) is also a possibility in our study. Our eligibility criteria were taken from definitions that have been used in national and international studies, have been reported in the literature (eg, International Study of Allergy and Asthma in Childhood), and have been found to be reliable. 69 Our process for identifying students with asthma symptoms began with English classes. English is a yearly curriculum requirement for the high schools in this district. Use of this approach to identify students potentially eligible for the RCT may have resulted in missing students not yet assigned to an English class at the time of the survey and students who were using electives to fulfill the English requirement. In this way, our results are only generalizable to students with characteristics similar to the students enrolled and present in English classes at the time the survey was administered.
Importantly, we are unable to determine the mechanism by which depression modifies the relationship between intervention effectiveness and emotional QOL. It is possible that intervention content may have affected depression directly, but it is also possible that other factors not related to the intervention or indirectly related to the intervention (eg, referrals for depression from the ARC) may have been influential as well. We acknowledge that the observed relationships among depressive symptoms, emotional QOL, and intervention effectiveness may be due to other factors that we did not measure and did not adjust for in our analysis.
To conclude, depression in youth with any chronic medical condition can have a significant effect on QOL and health outcomes. Our data suggest that the measured effect of a self-management intervention for asthma on emotional QOL is modified by baseline depression status. Further assessment of self-management behavioral interventions for asthma should include an investigation of the mechanisms by which intervention content, referrals, or treatment for depression may interact in such a way as to modify intervention effectiveness.
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